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MEXHOP AND APPARATUS FOR S AMPLING A OT.fTm 

FIELD OF INVENTION 

The present invention relates to the field of fluid sampling, including a method, 
5 apparatus and / or system therefor, for example, the invention relates to aspirating fluid 
samples from closed containers. In one fonn, the invention relates to a method and 
apparatus for aspirating fluid samples from vacutainers™ or vials containing biological 
fluid, and it will ho convenient to hereinafter describe the invention in relation to that 
application. It should be appreciated, however, that the present invention is not limited to 

10 that application, only. In one particular aspect, the present invention is also suitable for 
use in providing an automated method and device for aspirating fluid samples from a 
plurality of containers. 
BACKGROUND OF INVENTION 

Diagnostic samples, for example, blood, urine, sputum, &eces, etc are often 

15 enclosed in tubes closed, or more often, sealed with rubber bungs (or caps, etc). In 
environments such as modern clinical laboratories, samples may be processed in an 
instrument, which may often be automated for greater throughput of samples, with the aim 
of processing without contaminating the user of the instrument or subsequent samples. 
Removing a sample from a tube without contaminating the user or subsequent samples is 

20 required for safe, consistent testing and investigation of results. Piercing the bung, or cap, 
has many problems associated with it in Che prior art Manually, or otherwise removing 
caps prior to insertion into toe instrument exposes the user to contamination by the sample, 
and further exposes the environment and the sample to contamination, as well as allowing 
evaporation of the sample to occur which may distort the accuracy of the W sample 

25 reading, 

Any discussion of documents, devices, acts or knowledge in this specification is 
included to explain the context of the invention* It should not be taken as an admission 
that any of the material formed part of the prior art base or the common general knowledge 
in the relevant art in Australia on or before the priority date of the claims herein. 
30 SUMMARY OF INVENTION 

In one aspect the present invention provides a fluid sampling probe for aspirating 
fluid samples comprising: a first portion for piercing a closed fluid carrier, a second 
portion serving as a reservoir for receiving a fluid, the second portion being formed 
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integrally operative with the first portion and a third pardon providing fluid 

communication "between the first and second portion. 

In essence* the present invention stems from providing a probe with a combination 

of a reduced diameter piercing portion in direct fluid communication with a reservoir for 
5 (temporarily) storing a sample. - The present invention may be provided by combining 

these functions in a unitary assembly rather than separate components. 

Preferably, the second portion comprises a disposable moulded reservoir having a 

capacity sufficient for containing a sample volume of fluid. It is also preferable that the 

first portion comprises the piercing head of a relatively small diameter hypodermic needle. 
10 The needle gauge of the hypodermic needle is preferably in the range of 12-20 AWG and 

may come in a range of lengths In this embodiment, the third portion comprises the shaft 

of the hypodermic needle. The disposable reservoir may be joined to the third portion by 

UV activated adhesive such that die probe forms a disposable combination for single use. 

Preferably, the second portion comprises a disposable moulded reservoir of one of a 
1 5 plurality of sins to accommodate a range of sample volumes. 

In another embodiment; the first portion may be moveable with respect to the 

second portion such that, upon disengaging with the second portion, a fluid flow path from 

the carrier to the second portion is formed between a distal end of the second portion and 

the first portion. 

20 In a preferred form, the first portion comprises the head of a trocar needle. The 

trocar needle head may be sealingly engageable with the second portion such that the 
probe presents to a closed carrier aa an integral sealed piercing element The trocar needle 
head may he moveable with respect to the second portion such that, upon disengaging 
with the second portion, a fluid flow path from the carrier to the second portion is formed 

25 between a distal end of the second portion and the piercing head of the trocar needle. 
Preferably, the trocar needle head movement is axial with respect to the second portion. 
Alternatively, the second portion may be movable anally with respect to the trocar needle 
head 

The second portion may comprise a c annular needle for accommodating a 
30 relatively small diameter shaft of the trocar needle therewithal such that the second portion 
is defined by a wall of the c annular needle acting as an outer envelope for the received 
fluid. The second portion may comprise a hollowed vessel. The probe itself may be 
disposable or a reusable and washable part of an instrument 
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In another aspect, the present invention provides an automated fluid sampling 
system comprising: a handling mechanism for conveying a plurality of closed fluid 
carriers; a fluid sampling station for receiving and locating the fluid carriers conveyed by 
me handling mechanism wherein, the system is adapted to operatively accommodate a 
5 fluid sampling probe as described. 

Tae system may further comprise dispensing means for dispensing the sample 
volume of fluid from the sampling probe via the first portion. In this particular 
embodiment, the trocar needle, comprising a head and a shaft, may be of a larger diameter 
and the shaft itself may be hollow for enclosing the sample volume within. It has been 
10 found that this embodiment provides advantageous fluid control on dispensing the sample 
fluid from the probe assembly. Alternatively, the sample volume of fluid may be 
transferred from die second portion internally through the system for further processing 
and analysis. 

In a further aspect the present invention provides a method of sampling a fluid 
15 from a closed fluid carrier using a probe as described, the method comprising the steps of: 
(a) piercing the closed fluid carrier with a portion of the probe; (b) advancing a fust 
portion of the probe into contact with the fluid of the carrier; (c) forming a fluid flow path 
between the fluid of me carrier and a second and/or third portion of the probe; (d) 
aspirating a sample volume off the fluid along the fluid Bow path; (e) retaining the sample 
20 volume of fluid within the second and/or third portion of the probe upon withdrawal of the 
probe from the carrier. In one embodiment, for example, a trocar needle may be used for 
step(e). 

The method may further comprise the step of: (f> using the probe to dispense the 
sample as required. For example, the method may further comprise the step of dispensing 
25 the sample volume of fluid from the second portion via the first portion. Alternatively, the 
method may further comprise the step of transferring the sample volume of fluid from the 
second and/or third portion of the probe via a point remote from the first portion. 

The method may further comprise the step of. (g) disposing of the fluid sampling 
probe. In a preferred form, the method iurther comprises the steps of: (h) exchanging the 
30 disposed probe with one of a plurality of probes having a range of second portion sizes 
and; (i) repeating steps (a) to (g). 

In one embodiment, step <c) may comprise the step of axiahy extending the first 
portion of the probe from sealed engagement with the second portion to form the fluid 
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jQow path. Further, step (o) may comprise the step of axially retracting the firet portion to 
sealingly engage the second portion prior to withdrawal of the probe from the carrier. 

In another aspect the present invention provides a method of integrally combining a 
first and second portion of a sampling probe as described, the method comprising the step 

5 oft synthesizing the first and second portions together. This may be by an adhesive joint, 
preferably made with a UV stabilised- adhesive. Alternatively, the method may comprise 
the step oft synthesizing the first and second portions together as a one piece integpally 
moulded part. The method of integrally combining the first and second portions may 
further comprise the step of: integrating a third portion intermediate the first and second 

1 0 portions. The third portion may be integrated by adhesively joining, preferably with a UV 
stabilised adhesive, the shaft of a hypodermic needle to the base portion of a moulded 
reservoir. Alternatively, the third portion may be integrated by forming a fluid flow 
channel between the second portion and an external aperture adjacent the first portion. 

The present invention also provides apparatus for sampling fluid fiom a closed 

15 fluid carrier, the apparatus being adapted to operate in accordance with the method as 
described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of one or more preferred embodiments of the present 
invention will be readily apparent to one of ordinary skill in the art from the following 
20 written description with reference to and, used in conjunction with, the accompanying 
drawings, in which: 

Figure 1 is a perspective side view of a fluid sampling probe m accordance with a 
first embodiment of the present invention; 

Figure 2a is a perspective side view of a fluid sampling probe in accordance with a 
25 second embodiment of the present invention. 

Figure 2b is a sectional side view of the fluid sampling probe of figure 2 el 

Figure 3a is a sectional side view of a probe assembly according to a third 
embodiment of the present invention, in which the probe assembly may comprise a portion 
of an. automated fluid sampling system, and wherein the probe assembly is in a first 
30 position prior to piercing a closed fluid carrier. 

Figure 3b is a sectional side view of the probe assembly shown in figure 3a 
showing file fluid sampling probe in a second position prior to making fluid contact with a 
fluid volume within a closed fluid carrier* 
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Figure 4a is a sectional side view of a probe assembly according to a fourth 
embodiment and in which the probe assembly may also comprise a portion of an 
automated fluid sampling system. 

Figure 4b is sectional aide view of the probe assembly as shown in figure 4a, where 
5 the assembly is in a position prior to making fluid contact with a Quid volume within a 
closed fluid carrier and, hi which position the probe assembly may also be used for 
dispensing a sample for use within an automated instrument 

Figure 5a is a perspective view of part of an automated fluid sampling system or 
instrument comprising a probe assembly as shown in any of figures 3 or 4 wherein, the 
1 0 probe assembly is in a first position prior to piercing a closed fluid carrier* 

Figure 5b is a perspective view of part of an automated fluid sampling system or 
instrument comprising a probe assembly as shown in any of figures 3 or 4 wherein, the 
probe assembly is in a second position prior to making fluid contact with a fluid volume 
within a closed fluid carrier. 
1 5 DESCRIPTION OF PREFERRED EMBODIMENT 

Figure 1 shows a first embodiment of a fluid sampling probe 10 comprising a 
moulded fluid receiving region in die form of a reservoir 1. The probe 10 may be in die 
form of a range of reservoirs of different volumes with a hypodermic needle 2 attached to 
the reservoir 1. The fluid reservoir 1 may accommodate a volume of fluid and the needle 
20 head 2a may penetrate a bungfcap of a closed fluid carrier (not shown) to the depth 
required.. The preferred form of Quid carrier for which the present invention has 
application may be a vacutainer™, a common form of vial for containing biological fluid 
The small diameter needle head 2a requires minimal force to pierce the bung/cap. The 
assembly 10 is disposable for dedicated use on each sample contained in a fluid carrier. 
25 Generally, the assembly 10 incorporates a metal needle 2 for piercing and a moulded 
reservoir 1 to contain the sample volume. 

The joining of a moulded fluid reservoir 1 to a small diameter piercing needle head 
2a is preferably accomplished by adhering the needle 2 to the reservoir 1 with UV light 
c«red adhesive thus providing the strength to pierce and aspirate from closed tubes. It has 
3D been found that plastic welding or ovennoulding may suffer from gaps caused by 
shrinkage due to differing thermal expansion rates. A range of sample volumes may be 
aspirated with different size reservoirs 1. Asa combination the assembly 10 provides: 
Reliable easy piercing. 

Less susceptible to plugging flow path within needle 2 or tubes. 
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Low force required to pierce by virtue of tile smaller area of needle head 2a 
contacting the cover of a fluid carrier. 

Disposable tips tO mean no sample-to-sample carryover. 
No need to wash lips 10 which* reduce* fluid waste produced by instruments. 
5 The combination of (he embodiment of figure 1 minimises reliability issues, as it is 

less likely to clog fixe fluid path an a one piece needle 2 and tip 10. Reservoirs 1 may be 
manufactured in a range of volumes for different sample requirements. 

An underlying advantage of the embodiment of figure 1 is that it minimises needle 
2 diameter and therefore the force required to pierce a closed container cap, combined with 
10 the ability to aspirate a volume of sample for processing and then other subsequent 
sample* without carryover of one sample to another. Providing a fluid reservoir 1 in a 
range of sizes allows the sampling tip 10 of figure 1 to aspirate a given variety of sample 
volumes without the need for contacting permanent fluid lines. 

The small diameter needle 2 may be provided in a range of lengths and diameters 
15 to suit a variety of sampling requirements. These could be a range of different sample 
volumes <i.e, 5 - 1,000 microlitrcs or more) and the range of volumes could require larger 
diameter and larger lengths of hypodermic needles 2 in order Co aspirate the fluid at a 
specific rate and access the sample fluid at different depths in a range of sample vial 
geometries. The relatively small diameter of the hypodermic needle head 2a necessitates 
20 low piercing force. As the tip may be disposable, as such it may be dedicated to one 
sample. 

A variation of the singjc use disposable sampling tip that embodies the inventive 
concept is the one piece moulded tip 20 of figures 2a and 2b which can pierce and hold 
sample volume. like reference numerals have been used in figures 2a and 2b to indicate 
25 the features already described with reference to figure 1 . 

A disposable aspirating/dispensing tip 20 capable of piercing closed sample tubes 
as shown in figures 2a and 2b includes a fluid receiving region 1 and a pointed sharpened 
piercing extremity 2a. An aperture 3 located on the periphery of the piercing extremity 2a 
provides fluid communication for a channel 3a forming a fluid flow path between Are fluid 
30 carrier and the fluid receiving region 1, 

In preferred embodiments of the probe assembly for aspirating fluid samples from 
closed containers, namely, tubes* vacutainers or vials, a washable piercing aspirating probe 
is shewn m detail in figures 3a, 3b, 4a and 4b and generally shown as part of a fluid 
sampling system 40 in figures Sa and 5b. 
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As shown, in figure 3a, a two piece probe SO is provided comprising an outer 
cannula* 5 and tax inner trocar stylo needle 6 for piercing a bung. When the probe tip 8 has 
passed through the bung, the trocar nccdlo 6 is advanced to the position shown in figure 3 b 
to create a. fluid path from the tip 8 of die probe 3D to a reservoir 1 defined by the walls of 
5 an outer carmular 5, Initially, any residual pressure or vacuum may be equalised by venting 
to atmosphere, then the probe SO is advanced to below the liquid level enabling the 
aspiration of the sample. The trocar needle 6 is retracted to seat and preferably seal, 
against the outer c annular 5 and is removed from the sample container. The fluid sample 
may then be dispensed out through the trocar probe 30 disposed in the position shown in 
10 figure 3b, or in a further embodiment of the invention, plumbed directly through in the 
direction of distal needle tip 9a to he processed elsewhere in the instrument 40. 

According to the embodiment of figure 3a and 3b, an inner trocar needle 6 has a 
relatively small diameter shaft 9 with a larger diameter head 8. This larger diameter head 8 
features a sharp piercing point 11 and a sealing surface 8a on the tear which can form a 
1 5 sea] with the end of the outer c annular needle S. The trocar needle 6 may be automatically 
advanced and retracted to allow the probe 30 to perform its functions. 

The outer carmular needle 5 provides the structural strength required to support the 
trocar needle 6 enabling it to pierce a bung of a fluid, carrier and also provides the envelope 
for the fluid reservoir 1 or cavity to retain fixe aspirated fluid- The probe 50 may be 
20 plumbed to a fhiidics system 7 of die instrument 40 shown in figures 5a and 5b» allowing 
the venting to atmosphere as well as the aspiration and associated handling of die fluid 
samples. 

The two piece approach of the embodiments of figures 3 and 4, gives a probe 50 9 
60 which can present to the bung of a carrier as a one piece piercing probe 50, 60 by virtue 
25 of the trocar needle 6 and the carmular 5 forming one outer surface when the trocar needle 
6 is sealed against the carmular 5. This prevents plugging the fluid path with cored 
samples or chips of rubber. The two piece approach then gives a probe 50, 60 that may 
automatically adapt itself into a probe 50, 60 with an in built fluid path for liquid handling 

The movable trocar needle 6 provides the piercing point and the seal to the outer 
30 carmular needle 5. The outer carmular needle 5 provides the structural strength to perforin 
the piercing action and forms the boundary of the fluid envelope or reservoir 1* 

The axial motion of the trocar needle head 8 with respect to the carmular needle 5 
provides the ability to have the probe 50, 60 act as a piercing probe without an open fluid 
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path susceptible to clogging or blocking and to convert Che probe SO, 60 into a fluidics 
probe capable of aspiration and dispensing. Advantages of these embodiments include: 

Reliable easy piercing. 

Less susceptible to plugged probes 

Won't core bungs 

Washable probe 

Stronger piercing probes 

Adapted as a sampling probe for a system as partly shown in figures 5a and 5b, the 
invention provides a solution for automated piercing and sampling of sealed sample 
containers. 

The diameter of the cannular needle 5 may be chosen to provide increased 
structural strength. 

The embodiment of the probes SO, 60 in figures 3 and 4 as adapted to operate in an 
automated instrument 40 as partly shown in figures 5a and 5b, allows for piercing closed 
sample tubes on the automated instrument 40 and for processing the sample within the 
instrument 40. The system 40 may be capable of Acrid handling by aspirate/dispense and 
also aspirating a sample volume and transporting it throughout the instrument 40* The 
probe diameter may be minimised to reduce the piercing force required but still allow 
sufficient room for fluid transport The susceptibility to coring the bung and 
plugging/blocking the fluid path may bo overcome. 

The embodiments of -probes 50, 60 in figures 3a, 3b, 4a and 4b allows axial 
movement of trocar needle 6 ox 3 in another embodiment axial movement of the cannular 
needle 5 with respect to the trocar needle 6* These embodiments also allow conversion of 
the probe 50, 60 from piercing probe to aspirating probe and vice versa. 

With reference to figures 4a and 4b, a trocar needle 6 is used, having a. large 
diameter 9 and of a hollow section providing for fluid carrying capacity as a reservoir L 
In this embodiment the cannular needle 5 protects a side hole or aperture 12 (as shown in 
figure 4b) connecting the reservoir 1 to piercing point I i for fluid flow, from plugging on 
piercing the bung and flxen cannula 5 moves to expose the side hole 12 which can then be 
vented to equalise pressure before aspirating the sample from a closed fluid carrier: The 
trocar needle 6 is extended from it s position shown in figure 4a into the position as shown 
in figure 4b for aspiration* It has been found that accurate dispensing of fluid may be 
achieved by use of the larger diameter trocar needle 6 releasing retained sample fluid from 
within its reservoir 1. 
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As the present invention may be embodied in several forms without departing from 
the spirit of the essential characteristics of die invention, it should be understood that the 
above described embodiments ate not to limit the present invention unless otherwise 
specified, but rather should be construed broadly within the spirit and scope of the present 
5 invention as defined in the appended claims. Various modifications and equivalent 
arrangements are intended to be included within the spirit and scope of the present 
invention and appended claims* For example* with respect to die embodiment of figure 3a 
and 3b, as a two piece probe 30 capable of piercing and aspirating from closed sample 
tubes on an automated instrument 40, the probe 30 is also capable of dispensing the sample 
1 0 into a target vessel or carrier for Anther processing and analysis. 

"Comprises/comprising" when used in this specification is taken to specify the 
presence of stated features, integers, steps or components but does not preclude the 
presence or addition of one or more other features, integers, steps, components or groups 
thereof" 

15 
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THE CLAIMS DEFINING THE INVENTI ON ARE AS FOLLOWS: 



1. A fluid sampling probe for aspirating fluid samples comprising: 
a first portion for piercing a closed fluid earner, 

a second portion serving as a reservoir for receiving a fluid, the second portion 
being formed integrally operative with Hie first portion, and 

a third portion providing fluid communication between the first and second portion. 

2. A probe as claimed in claim 1, wherein the second portion comprises a 
disposable moulded reservoir having a capacity sufficient for containing a sample volume 
of fluid. 

3. A probe as claimed in claim 1 or 2, wherein the first portion comprises the 
piercing head of a relatively small diameter hypodermic needle. 

4. A probe as claimed in claim 3, wherein the needle gauge of the hypodermic 
needle is in the range of 12-20 AWG 

5. A probe as claimed in claim 2, 3 or 4» wherein the disposable reservoir is joined 
to the first portion by a UV cured adhesive joint such that the probe forms a disposable 
combination for single use. 

6. A probe as claimed in claim 3, 4 or 5, wherein the second portion comprises a 
disposable moulded reservoir of one of a plurality of sizes to accommodate a range of 
sample volumes. 

7. A probe as claimed in claim 1 , wherein the first portion is moveable with respect 
to the second portion such that, upon disengaging with the second portion, a fluid flow 
path from the carrier to the second portion is formed between a distal end of the second 
portion and the head of the first portion. 

8. A probe as claimed in claim lor 7, wherein the first portion comprises the head 
of a trocar needle. 



COMS 10 No: SMBI-Q0313015 Received by IP Australia: Time (H:m) 13:41 Date (Y-M-d) 2003-05-27 



11 

9. A probe as claimed in claim 8, wherein the second portion comprises a camrular 
needle for accommodating a relatively small diameter shaft of the trocar needle 
therewfthin such that the second portion is defined by a wall of the c annular needle acting 
as an enter envelope for the received fluid. 

10. A probe as claimed in any one of claims 1 to 9, wherein the second portion is a 
hollowed vessel. 

11- A probe as claimed in any one of claims 1 to 6 P wherein the probe is disposable. 

12. An automated fluid sampling system comprising: 

a handling mechanism for conveying a plurality of closed fluid carriers; 

a fluid sampling station for receiving and locating the fluid carriers conveyed by 
the handling mechanism, and wherein the system is adapted to operatxvely accommodate a 
fluid sampling probe as claimed in any one of claims 1 to 11. 

13. A method of sampling a fluid from a closed fluid carrier using a probe as 
claimed in any one of claims 1 to 1 1, the method comprising the steps of: 

<a) piercing the closed fluid carrier with a portion of the probe; 

(b) advancing a first portion of the probe into contact with the fluid of the carrier; 

(c) forming a fhiid flow path between the fluid of the carrier and a second and / or 
third portion of the probe; 

(d) aspirating a sample volume of the fluid along the fluid flow path; 

(e) retaining the sample volume of fluid within the second and / or third portion of 
the probe upon withdrawal of the probe from the carrier. 

14. A method as claimed in claim 1 3 , wherein a trocar needle is used for step (e). 

15. A method as claimed in claim 13, further comprising the step of 

(f) using the probe to dispense die sample as required. 

16. A method as claimed in claim 13, 14, or 15 further comprising the step of: 

(g) disposing of the fluid sampling probe. 

17. A method as claimed in claim 16, further comprising the step oft 
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(h) exchanging the disposed probe with one of a plurality of probes having a range 
of second portion sizes, and; 

(i) repeating steps (a) to (g). 

18. A method as claimed in claim 13 wherein, step (c) further comprises the step of 
axialfy extending Hie first portion from scaled engagement with the second portion to form 
the fluid flow path. 

19. A method as claimed in claim 13 or 18 wherein, step (e) further comprises the 
step of axially retracting the first portion to sealingly engage the second portion prior to 
withdrawal of the probe from the carrier. 

20. A method of integrally combining a first and second portion of a probe as 
claimed in any one of claims 1 to 1 1, the method comprising the step of: 

attaching the first and second portions together by a UV cured adhesive joint 

21. A method of integrally combining a first and second portion of a probe as 
claimed in any one of claims 1 to 11, the method comprising the step oft 

synthesizing the first and second portions together as a one piece integrally 
moulded part 

22. A method as claimed hi claims 20, fUrther comprising the step of: 
integrating a third portion intermediate to the first and second portions wherein, the 

step of integrating comprises adhesively jodning the shaft of a hypodermic needle to a base 
portion of a moulded reservoir with a UV light cured adhesive. 

23. A method as claimed in claim 21, further comprising the step of integrating a 
third portion intermediate the first portion wherein, the step of integrating comprises 
forming a fluid How channel between the second portion and an external aperture adjacent 
the first portion. 

24. Apparatus for sampling fluid from a closed fluid carrier, the apparatus being 
adapted to operate in accordance with the method as claimed in any one of claims 13 to 19. 

25. A system as claimed in claim 12 wherein the sampling probe comprises a trocar 
needle having a head and a shaft, the shaft being hollow, for enclosing a sample volume 
within and for dispensing fee sample as required. 
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26. A device* system, apparatus or probe substantially as herein described with 
reference to at least one of the accompanying drawings. 

27, A method substantially as herein described with reference to at least one of the 
accompanying drawings. 



DATED THIS 27 th day of June 2003 

SMOORENBURG PATENT & TRADE MARK ATTORNEYS 
PO Box 9 

Kangaroo Ground VIC 3097 
Australia 
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